JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. One species, Populus deltoides, was grown under three different CO2 concentrations. * The Keeling plot approach was applied to the leaf scale to measure leaf 813CR and these results were compared with the 813C of leaf organic components. * In all cases, leaf respiratory CO2 was more 13C-enriched than leaf organic components. The amount of 13C enrichment displayed a significant species-specific pattern, but the effect of CO2 treatment was not significant on P. deltoides. * In C3 plant leaves, 13C-enriched respiratory CO2 appears widespread. Among currently hypothesized mechanisms contributing to this phenomenon, non-statistical carbon isotope distribution within the sugar substrates seems most likely. However, caution should be taken when attempting to predict the 613C of leaf respiratory CO2 at the ecosystem scale by upscaling the relationship between leaf 613CR and 813C of leaf organic components.
Introduction
It is well known that carbon isotope discrimination takes place during plant photosynthetic CO2 fixation, resulting in all higher plants being depleted in 13C in organic carbon relative to atmospheric CO2. The models of 13C fractionation in photosynthesis have been well established (Farquhar et al., 1982) . By contrast, studies on the carbon isotope ratio of CO2 generated by dark respiration (613CR) Flanagan & Ehleringer, 1998) . Early experimental studies observed that 613CR is very close (approx. ?+1%o) to bulk carbon in some geminating crop seedlings (Baertschi, 1953; Smith, 1971 ). More recently (Lin & Ehleringer, 1997 ) cultured mesophyll protoplasts of bean and corn leaves with carbohydrates of known isotopic ratios as the only carbon source and found no significant differences between &13CR and 813C of the substrate in either species.
Still, other studies suggest that respiratory CO2 of plants can be remarkably 13C-enriched or 13C depleted (4-5%o more positive or -4-8%o more negative) in comparison with whole plant or leaf 13C (Smith, 1971; Troughton etaL, 1974) . Recently, Duranceau etat (1999 Duranceau etat ( , 2001 ) and Ghashghaie etaL (2001) compared 813C of leaf respiration and leaf organic components in beans, tobacco, and sunflower. They report a 3-6%o 13C-enrichment in respiratory CO2 compared to sucrose, the assumed substrate of dark respiration.
Although this hypothesis was not tested in other species, they concluded that carbon isotope fractionation during dark respiration was widespread in C3 plants. In C4 plants, Henderson etaL (1992) found that the 813C of dry matter was more negative than that predicted by the discrimination occurring during CO2 uptake and partly attribute the difference to an isotope effect during dark respiration. Furthermore, 813CR 
Air sampling
All air samples were collected between 20 : 00 h to 00: 30 h, when plants were in natural darkness. One to several healthy, intact, visually mature (well expanded and with developed cuticle) leaves were sealed in an opaque respiration chamber (modified from a mylar balloon) with a small fan to ensure air mixing. The chamber was connected to a dosed loop gas exchange system including a pump, a CO2 infrared gas analyzer (LI-6200, Licor, Inc., Lincoln, NE, USA), a desiccant tube containing magnesium perchlorate and six 100 mL flasks ( pumped through the entire system before closure and then allowed to circulate for 10-15 min to ensure adequate mixing before sampling. The air samples were collected in sequence by closing both stopcocks on a flask for each 15-20 p.p.m. CO2 increment. Humidity was not strictly controled in our study. We compared our leaf-level Keeling plot method with a traditional CO2 free chamber connected to the Li-6200 photosynthesis system and found that two methods yielded similar results in leaf 813CR (?0.5%) when the incubation chamber was well sealed. However, the incubation method often gave much more scatter results with same plant leaf than leaf-level Keeling plot approach. Proteins were extracted by boiling the supernanent of grounded leaf tissue (in 2% NaCI; 10 000 g 15 min) for 30 min (Jacobson et al, 1970) . The precipitant was dried overnight in a desiccator at room temperature. All products from these extractions were kept at -20?C until carbon isotope analyses were performed. According to the references mentioned above, fractionation of carbon isotopes did not occur during the extraction processes.
Leaf sampling and chemical extraction

Carbon isotope analysis
The carbon isotope ratios in delta notation were expressed (Pataki et al, 2003) and the intercept at the Yaxis is the 813C value of leaf respiratory CO2 (Fig. lb) .
Statistical analysis
A one-way analysis of variance (ANOVA) was used to test the species effects on the possible differences of 613C between the respiratory CO2 and leaf organic components. Effects were 
Results
The isotopic signatures of the measured pools exhibited a similar pattern for all five species and the three CO2 treatments for P. Deltoides. In each case, leaf 613CR was the most positive, followed by the 813C of starch (except M. paradisiacal), while the 813C of the bulk organic matter was the lightest (Fig. 2) . The amount of 13C-enrichment in leaf 813CR was 3.5-5.9%o relative to soluble sugar (Table 1) , the assumed major substrate for dark respiration. Compared with the water soluble fraction, starch, and bulk organic matter, the amount of 13C enrichment in respiratory CO2 was 2.7-5.2%o, 1.4-4.2%o, and 4.1-6.9%o, respectively, depending on species (Table 1) . During the sampling period, leaves released < 0.001 g carbon, which should not smaller than that in the IFB in average, the differences were not statistically significant (Table 1) , partly due to the large variation of leaf 613CR in the MB and WB of the IFB.
The correlation between leaf 613CR and &13C of the leaf organic components was highly significant (P < 0.01). On average across all species and treatments, the leaf respiratory CO2 was 3.8%o to 5.8%o more positive than the four leaf organic components (Fig. 3) and in all cases, the slope of regression line was close to 1 (F-test to compare actual slope and 1, P= 0.08-0.98).
Discussion
Our results obtained with the leaf scale Keeling plot method are comparable to previous studies using a CO2 free respiration chamber ( 
